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ABSTRACT
The antioxidant activity of novel drugs has been of increasing interest in recent years.
Free radicals are linked as a cause to many diseases such as atherosclerosis and cancer,1 so
development of drugs that can scavenge and break down free radicals is needed. One such
potential solution is using dopamine, which is water-soluble and an antioxidant. However, the
tendency of antioxidant drugs reacting undesirably with proteins and other biochemical
compounds is a big issue for the drugs' antioxidant potential. One solution is by encapsulating
the antioxidant compound in biocompatible polymer nanoparticles. In this project, dopamine is
bound to the polymer polyacrylic acid (PAA) and spherical PAA-dopamine nanoparticles were
synthesized. Following their synthesis, the nanoparticles were characterized by Dynamic Light
Scattering (DLS), Transmission Electron Microscope (TEM), and Fourier-Transform Infrared
(FT-IR) spectroscopy and were shown to have an average size of 90 nm after dialysis cleaning.
Finally, their hydroxyl radical (OH·) scavenging ability was tested through pH changes and
fluorescence and the data acquired suggests possible radical scavenging potential.
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CHAPTER ONE: INTRODUCTION
Polymeric Nanoparticles
Polymeric nanoparticles (NP) have become a very promising avenue of research for scientists
in the modern day and are incorporated into applications from energy and technology1 to
medicine2 and in the food3 and oil industry4. Nanoparticles are formally categorized as
particles within the size of 10-1000 nm.5 Typically, polymeric nanoparticles are prepared
based on their desired use and the nanoparticle scaffold matrix can be created from a wide
range of materials. The type of polymer material has an effect in the size, shape, solubility,
stability, charge, permeability, and biological and environmental properties of the
nanoparticles. Combinations of properties can result in complications in the particle synthesis
and other undesirable traits such as particle aggregation. Meanwhile, other property
combinations can result in adequate drug delivery systems by having optimal
biocompatibility, biodegradability and chemical degradation.
In terms of synthesis, nanoparticles vary greatly in their simplicity of preparation. While
some nanoparticles can be synthesized with very fast and easy methods, others require much
more sophisticated and detailed synthetic schemes. Several typical methods for the formation
of polymeric nanoparticles are by 1) either the solvent evaporation method or the
spontaneous emulsification method, both caused by the dispersion of the performed
polymers; 2) the polymerization of individual monomers; 3) the ionic gelation of hydrophilic
polymers; or 4) the precipitation of the nanoparticles.5
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Free Radicals and Antioxidants
The American diet has shown increasing amounts of fried foods and alcohol, both
foods of which have been related to high amounts of free radicals.6 Free radicals are reactive
compounds with an unpaired electron that can donate or accept an electron. The free reactive
electron encourages oxidation or reduction reactions and makes the free radicals highly
sensitive to other molecules. In the organisms, the free radical compounds are capable of
damaging cells and eventually leading to biological malfunctions. To address the problem,
many scientists have turned towards foods high in antioxidants, examples of which include
vegetables, fruit, and teas.7,8 Good antioxidants are compounds that reduce the damage of
free radicals by inhibiting oxidation9 and are commonly found in nature. It is of interest, to
talk about a common neurotransmitter found in the body called dopamine, this compound
exhibits good antioxidant activity due to the dihydroxyl groups within the aromatic benzene
ring (see figure 1).

Figure 1. Dopamine, a hormone and a neurotransmitter responsible for many important roles in the body,
which has also been successfully used in many nanoparticle applications due to its interesting chemical
properties.

Furthermore, other similar compounds to dopamine have shown medicinal properties, an
example of which is 3-hydroxytyrosine (3-HT); a common synthetic building block for many
organic compounds with medicinal properties such as vernakalant11, a specialized heart
2

medicine. These class of compounds (mainly known as catechol’s) have also proven
themselves to possess powerful anticancer, antimicrobial, and neuroprotective properties.1215

The dihydroxyl groups in these catechol compounds serve by donating H· radicals to the

free radical compounds and therefore lower their high reactivity. The loss of the hydroxyl
proton causes the electron to form a double bond between the oxygen and carbon atoms,
which then produces a radical rearrangement that ends up in a stable quinone form (due to
the intramolecular hydrogen bond within the phenoxy radical).16 In our study, the
antioxidant used is dopamine, a catecholamine which facilitates antioxidant activity due to
it being able to stabilize itself into the quinone form. The proposed mechanism for the radical
reaction and source of antioxidant activity is shown in Figure 2.
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Figure 2. Proposed mechanism for the free radical reaction

Focus of Project

The objective of the project is to explore the viability of creating a nanoparticle of the
polymer PAA and the antioxidant compound dopamine via the 1-Ethyl-3-(3dimethylaminopropyl)carbodiimide (EDC) coupling reaction. The nanoparticle system is
hypothesized to have similar or stronger antioxidant properties than free dopamine because there
is a higher number of dihydroxyl groups within the formed nanoparticle. In addition, the
nanoparticle’s desired shape is that of a sphere with an interior antioxidant region and an exterior
polymeric shell. A proposed polymer particle model can be seen in Figure 3.
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Figure 3. Desired nanoparticle spherical shape with an interior antioxidant core
and an exterior polymer shell.

The model as described is desirable because the antioxidant rich core of the nanoparticle
is essentially inaccessible to bigger compounds or proteins while still being accessible to smaller
free radical species. The free radicals will be able to easily access the core and have their
reactivity neutralized by the donation of an electron and proton, and the products leave the
nanoparticle. Additionally, the PAA polymer chain is able to provide the nanoparticle with the
desired stability.45
Furthermore, the driving force of formation for the nanoparticle is the London intramolecular
forces which form the nanoparticle into a sphere. The aforementioned antioxidant properties in
the proposed PAA-dopamine particle system could be utilized as a free radical scavenger in any
synthetic, medical or industrial use.
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CHAPTER TWO: METHODS
Nanoparticle Synthesis
In a 20 mL vial, 8 mL of deionized water and 0.1152g of a 25w/v% PAA solution
(0.4mmol) were dissolved. 9.585mg of EDC (0.05mmol) from a 0.0521 M solution was added
dropwise as the reaction was stirred. 9.482mg of dopamine (0.05mmol) was then added. The
solution was stirred for 12h and left to settle for 4h. The reaction equivalence was 8:1:1 PAA to
dopamine to EDC molar ratio. The product was then characterized by DLS to verify the
synthesis. The solution was then loaded into dialysis tubing, and the starting material and any
byproducts were removed after 3 phases of dialysis purification. The solution was lyophilized for
48 hours to obtain solid powder product. Finally, the solid product was resuspended in a
10mg/mL ratio and characterized by DLS, FT-IR, and TEM to obtain the information of
nanoparticle composition and size.
Radical Scavenging Test through pH
Radical scavenging tests were performed by adding 1 mg-increments of the
nanoparticles into a known concentration of H2O2 (50mM) in a solution of distilled water (pH 7)
and measuring the resulting pH changes. Once sufficient data was obtained, a NP amount vs
[OH-] plot was created. As a control, the experiment was repeated with pure PAA.
Radical Scavenging Test through Fluorescence
In multiple vials each containing 19.4mL of 25mM solution of DPBS, 30% w/v H2O2
was added and stirred thoroughly to create a 10mM H2O2 / 25mM DPBS solution. 1 mg of NP
was added to each vial and the reactions were stirred for ~1hr, 1.66mg of terephthalic acid was

6

then added to each vial to create a 5 mM solution and stirred for 24h. The reactions were
measured for fluorescence activity.
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CHAPTER THREE: RESULTS
DLS Data
Table 1. Obtained dynamic light scattering data
before and after dialysis.
Trial 1 (before dialysis)
Count Rate (kcps)

Trial 2 (after dialysis)

108.5

81.5

11

11

0.501

0.486

Peak 1

106.5 (d. nm) 82.2%

90.97 (d. nm) 76.9%

Peak 2

14.79 (d. nm) 15.2%

Peak 3

4789 (d. nm) 2.7%

16.02 (d. nm)
22%
5208 (d. nm) 1.10%

Attenuator
PDI

Figure 4. Dynamic light scattering size distribution by % intensity for the PAA-Dopamine nanoparticles before
cleaning with dialysis.
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Figure 5. Dynamic light scattering size distribution by % intensity for the PAA-Dopamine nanoparticles after
cleaning with dialysis.

FT-IR Data
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Figure 6. FT-IR spectra of the PAA-Dopamine NP after dialysis.

Fluorescence Data
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Figure 7. Radical Scavenging of OH· radical with 1.0 mg of the PAA/Dopamine NP vs a control (no NP). Note that
the intensity in Fluorescence indicates more OH· radicals present.

pH Radical Scavenging Data
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Figure 8. Plot of p[OH-] vs NP amount showing how the [OH-] decreases with increasing the amount of
antioxidant NP.
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5
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Figure 9. The plot of the OH- scavenging activity (%) vs mg of NP indicates that as more mgs of the NP are added
more OH- molecules are scavenged.

Transmission Electron Microscopy Data

Figure 10. Transmission electron microscopy image of a PAA-Dopamine nanoparticles at 317.2kx magnification.
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CHAPTER FOUR: DISCUSSION
Nanoparticle Formation
PAA has been reported in literature to have strong hydrogen bonding interactions.17
Because the Van-der-Waals interactions of PAA in water have been estimated to be only about
7%,18 the biggest factor determining the behavior of PAA in water is the PAA concentration.
That is, the greater the distance between PAA and other molecules, the more it will behave like a
polymer chain. However, if the polymer – substrate, or polymer - polymer intermolecular
distance is short, the polymer will undergo curling due to the intermolecular forces of the two.17
Furthermore, if the polymer concentration is too high, the result will be a hydrogel formed by the
network of polymer chains. It is for this reason, that one of the biggest problems in the synthesis
of polymer nanoparticles is the concentration of the respective polymers as a concentration lower
than ideal would yield no nanoparticle formation and a concentration higher than ideal yields a
hydrogel. In this project experimental evidence was found to confirm this claim as initial
attempts saw the formation of hydrogels whereas later trials with 50 mM PAA concentration
yielded nanoparticle formation. Additional parameters for the nanoparticle formation include
incorporating different temperatures, stirring/mixing techniques, and reaction time. Studying
these parameters may prove beneficial and help optimize the efficiency of the nanoparticle
formation.
Characterization
Analysis of the synthesized nanoparticles with DLS showed an average size of 106.5 nm
with an average count rate of 108.5 kcps before dialysis. After 3 phases of dialysis, the cleaned
solution reported a size distribution of 90.97 nm and 81.5 kcps. The decrease in size and count
12

rate may be an indicator of a cleaner solution of suspended nanoparticles, however it is also
possible that some nanoparticles were dissociated through the pressure formed by the diffusion
gradient. Analysis of the TEM image shows a nanoparticle of roughly 15 nm in size. Even
though DLS, is often used in addition with a microscopy technique (such as TEM or SEM) as the
main method of verification for nanoparticle formation, comparisons between the two are often
meaningless. This is because the DLS technique is able to give us size distribution ranges by
measuring the doppler broadening as it is affected by the translational diffusion (also known as
brownian motion) of the particles. On the contrary, the TEM technique works very differently by
utilizing beams of electrons to image the surface of an object. Typically, particle size
determination techniques give different results for particle sizes and their distributions due to the
multiple dimensionalities.19 It is for this reason that comparisons between different techniques
are largely considered qualitative.
Finally, the FT-IR data of formed nanoparticle showed a carbonyl peak at 1687 cm-1, and
a peak at 1522 cm-1 typical of an amide.19 The peaks at 2850-2950 cm-1 represent the alkyl chain
of the polymer, while as the peaks at 3180 cm-1 and 2118 cm-1 are part of the C-H stretching, and
C-H bending overtone of the aromatic ring. The two alcohol groups can be seen at ~3400 cm-1
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and their weak and broad appearance signals the fact that they are intramolecular bonded.20
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Figure 11. Analyzed FT-IR spectra of the PAA-Dopamine NP.

Scavenging Activity
In order to test the OH- scavenging ability of the nanoparticle, the pH changes in a
solution containing H2O2 were observed after addition, and prior to the addition of the
antioxidant nanoparticle. Because H2O2 spontaneously dissociates into OH- and many other free
radical species, it provides a good way for testing the OH- scavenging ability of the nanoparticle.
Upon addition of small milligram increments of the PAA-Dopamine nanoparticle, the pOH- of
the solution can be seen to adjust following a linear relationship 𝑦 = 0.4446𝑥 + 10.142 where 𝑥
is the amount (in milligrams) of antioxidant nanoparticle added and 𝑦 is the pOH-. As observed
by this relationship, the larger the number of nanoparticles in the solution, the higher the pOHwhich would then result in a smaller number of OH- molecules.
In order to test the OH· radical scavenging abilities of the antioxidant nanoparticle, (as
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compared to the OH- scavenging properties) a fluorescence test was performed. Terephthalic
acid is a common compound with very interesting properties. That is, the compound itself is not
fluorescent, however, in the presence of OH· radicals, the compound becomes 2,5dihydroxyterephthalic acid, a strongly fluorescent compound. After addition of the antioxidant
nanoparticles in a solution rich in OH· radicals, some of the OH· radicals become neutralized by
the nanoparticle. This results in a lower number of OH· radicals present which then translates to
a lower fluorescence intensity, as seen in Figure 8. It is interesting to note that a 1.0 mg of
nanoparticle added resulted in a decrease in fluorescence of 42%. This correlates to a 5.5430 mg
of OH· radicals scavenged per milligram of nanoparticle; this test shows initial evidence for the
ability of the synthesized nanoparticle to act as a OH· radical scavenger, however further tests to
fully confirm these properties should be performed.
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CHAPTER FIVE: CONCLUSION
In conclusion, PAA-dopamine nanoparticles were synthesized by a simple and robust
method and demonstrated promising synthetic antioxidant activity. The nanoparticle system
comprised of dopamine bound to the carboxylic groups in PAA via EDC coupling. The
nanoparticle desired exhibits a spherical shape and its formation is driven by the hydrophilic
and hydrophobic interactions with the solvent which due to the London dispersion forces
would help drive its formation. In order to protect the antioxidant region of dopamine and
increase its stability, the protective polymer shell is created to limit any interactions with
compounds bigger than free radicals. The synthesized nanoparticles exhibited OH- and OH·
radical activity which makes it a viable option for further research as a possible antioxidant
drug. Thus, a polymeric nanoparticle with good prospects to antioxidant activity was
developed and could be utilized in medicine, total synthesis or many other industries.
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